Abstract. The present study investigated the expression of microRNA-503 (miR-503) and its effect and mechanism of action on prostate cancer. Tumor tissues and tumor-adjacent tissues were collected from 20 patients with prostate cancer. TargetScan was used to predict the miRNA molecule that interacts with tumor protein D52 like 2 (TPD52L2). DU145 cells were transfected with a negative control, miR-503 mimic or miR-503 inhibitor. DU145 cells that had not undergone transfection were used as a control. Levels of miR-503 and TPD52L2 mRNA were determined using reverse transcription-quantitative polymerase chain reaction and the expression of TPD52L2 protein was measured using western blot analysis. The migration ability of DU145 cells was evaluated using a Transwell assay and cell proliferation was examined using an MTT assay. A flat plate colony formation test was conducted to examine the colony formation rate of DU145 cells. The current study demonstrated that TPD52L2 expression is increased while miR-503 expression is decreased in prostate cancer tissues. Overexpression of miR-503 inhibited the transcription and translation of TPD52L2 in DU145 cells and reduced cell migration, proliferation and colony formation. By contrast, inhibition of miR-503 expression increased the expression of TPD52L2 in DU145 cells and increased cell migration, proliferation and colony formation. The present study demonstrated that miR-503 is an oncogene that regulates the migration, proliferation and colony formation of prostate cancer cells by targeting the TPD52L2 gene. Thus, miR-503 has the potential to become a target for the molecular treatment and prognosis of prostate cancer in the future.
Introduction
Prostate cancer is a common malignant tumor in the urinary system of middle aged and elderly males and has a high incidence and mortality rate (1) . The mechanisms of prostate cancer include the interaction between growth factors and epithelia-stroma (2) , altered expression of tumor suppressor genes and oncogenes (3), DNA methylation (4) and androgen receptor mutations (5) . Tumor protein D52 like 2 (TPD52L2), also known as TPD54 and D54, is a member of the tumor protein D52 (TPD52) family (6) . The most important physiological function of the TPD52 family is its participation in the regulation of Ca 2+ -dependent vesicular transport processes (7) . In addition, the overexpression of proteins in the TPD52 family in breast cancer (8) and hepatocellular carcinoma (9) suggests that the TPD52 family may serve an important role in the onset and development of tumors. A previous study on brain glioma cells demonstrated that knockout of TPD52L2 inhibits the growth and colony formation of cells by arresting cells in the G0/G1 phase (10) . Similarly, it has been demonstrated that knockout of TPD52L2 in hepatic cells inhibits their growth (11) . microRNA (miR) is a type of small non-encoding single-strand RNA 18-24 nucleotides long that is present in eukaryote cells and viruses (12) . It has been suggested that miRNA serves regulatory roles in the onset and development of prostate cancer, including the role of a tumor-suppressor (13) . Furthermore, a previous study demonstrated that miR-15/miR-16 suppressed the activation of several oncogenes by inhibiting the transcription and expression of B-cell lymphoma-2, myeloid cell leukemia-1, cyclin D1 and Wnt family member 3A (14) . It was also demonstrated that miR-23a downregulated the expression of glutaminase in prostate cancer cells, inhibited the catabolic metabolism of glutamine and inhibited tumor cell growth (15) . miR-503 was first identified in human retinoblastoma tissues (16) and downregulation of miR-503 expression has been identified in liver, brain, lung, and colon tumors (17) . miR-503 specifically targets B-cell lymphoma-2 and increases the sensitivity of A549/CDDP cells to cisplatin-induced apoptosis in small cell lung cancer cells (18) . The present study investigated the expression of miR-503 and its effect on the proliferation and migration of prostate cancer cells. 5 ) were seeded in 24-well plates containing DMEM supplemented with 10% FBS without antibiotics 1 day prior to transfection. Once 70% confluence was reached, 7.5 µl miR-NC, miR-503 mimics and miR-503 inhibitor plasmids (Shanghai GenePharma Co., Ltd, Shanghai, China) and 7.5 µl Lipofectamine 2000 (Thermo Fisher Scientific, Inc., Waltham, MA, USA) were added to two individual vials each containing 125 µl serum-free DMEM. The two vials were mixed 5 min later, left for a further 5 min and the mixture was subsequently added to the cells. Following 6 h incubation, the old medium was discarded and fresh DMEM supplemented with 10% FBS was added. The cells were then cultured under normal conditions at 37˚C for 48 h prior to use.
MicroRNA

Reverse transcription quantitative polymerase chain reaction (RT-qPCR).
A total of 100 mg tissue was ground into powder using liquid nitrogen prior to the addition of 1 ml TRIzol (Thermo Fisher Scientific, Inc.) for lysis. A total of 2x10 5 cells were trypsinized and mixed with 1 ml TRIzol for lysis. Total RNA was extracted using the phenol chloroform method (20) . The purity of RNA was determined by A260/A280 using ultraviolet spectrophotometry (Nanodrop ND1000, Thermo Fisher Scientific, Inc., Wilmington, DE, USA). cDNA was synthesized by reverse transcription using the Reverse Transcription system (Takara Biotechnology Co., Ltd., Dalian, China) from 1 µg RNA and stored at -20˚C.
The expression of miR-503 was determined using a SYBR PrimeScript miRNA RT-PCR kit (Takara Biotechnology Co.). U6 was used as the internal reference. The reaction system (25 µl) contained 12.5 µl SYBR Premix Ex Taq, 1 µl PCR Forward Primer, 1 µl Uni-miR qPCR Primer, 2 µl template and 8.5 µl double distilled water. The primer sequences used were as follows: miR-503, forward, 5'-TGC GGT AGC AGC GGG AAC AGT TC-3' (reverse primer was Uni-miR qPCR Primer that was provided by the kit and its sequence is a commercial secret); and U6, forward 5'-TGC GGG TGC TCG CTT CGG CAGC-3' and reverse 5'-AAC GCT TCA CGA ATT TGC GT-3'. The reaction protocol was as follows: Initial denaturation at 95˚C for 30 sec; 40 cycles of 95˚C for 5 sec and 60˚C for 20 sec (Bio-Rad IQ5 Realtime PCR; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 2 -ΔΔCq method was used to calculate the relative expression of miR-503 against U6 (21) . Each sample was tested in triplicate.
A SYBR Green RT-qPCR kit (Kapa Biosystems, Inc., Wilmington, MA, USA) was used according to the manufacturer's protocol to detect the mRNA expression of TPD52L2 in prostate tissues and DU145 cells. GADPH was used as an internal reference. The reaction system (20 µl) was composed of 10 µl SYBR EX Taq-Mix, 0.5 µl upstream primer, 0.5 µl downstream primer, 1 µl cDNA and 8 µl double diluted water. The primer sequences were as follows: TPD52L2 mRNA, forward, 5'-TTC ACA GGC AGG ACA GAA GA-3' and reverse, 5'-TTG AAG GTC GCA GAG TTC CT-3'; GADPH, forward, 5'-AAG GTG AAG GTC GGA TCA-3' and reverse, 5'-GGA AGA TGG TGA TGG GAT TT-3'. The PCR thermocycling conditions were as follows: Initial denaturation at 95˚C for 10 min; 40 cycles of denaturation at 95˚C for 1 min, annealing at 60˚C for 40 sec and elongation at 72˚C for 30 sec and final elongation at 72˚C for 1 min (iQ5; Bio-Rad Laboratories, Inc.). The 2 -ΔΔCq method was used to calculate the relative expression of TPD52L2 mRNA against GADPH. Each sample was tested in triplicate.
Western blot analysis. A total of 50 mg tissue was ground using liquid nitrogen. DU145 cells were trypsinized and collected prior to being mixed with 100 µl precooled radioimmunoprecipitation assay lysis buffer (600 µl; 50 mM Tris-base, 1 mM EDTA, 150 mM sodium chloride, 0.1% sodium dodecyl sulfate, 1% TritonX-100, 1% sodium deoxycholate; Beyotime Institute of Biotechnology, Shanghai, China) for 50 min on ice. The mixture was centrifuged at 12,000 x g at 4˚C for 5 min.
The supernatant was used to determine protein concentration using a bicinchoninic acid protein concentration determination kit [RTP7102, Real-Times (Beijing) Biotechnology Co., Ltd., Beijing, China]. Protein samples (50 µg) were mixed with 2x sodium dodecyl sulfate loading buffer prior to denaturation in a boiling water bath for 5 min. Subsequently, samples (10 µl) were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis at 100 V. The resolved proteins were transferred to polyvinylidene difluoride membranes on ice (300 mA, 1.5 h) and blocked with 5 g/l skimmed milk at room temperature for 1 h. Transwell assay. Transwell chambers (Corning Inc., Corning, NY, USA) were used to evaluate the migration ability of DU145 cells. Transfected cells were trypsinized and re-suspended to a density of 5x10 5 cells/ml using DMEM containing 0.1% bovine serum albumin (Sigma-Aldrich; Merck KGaA). The cell suspension (200 µl; 5x10 5 cells) was added into the migration chamber (Hyclone, GE Healthcare Life Sciences; Logan, UT, USA). A total of 750 µl DMEM supplemented with 20% fetal bovine serum was added to the lower chamber. After 4 h, cells in the migration chamber were wiped using a cotton swab. Cells that had migrated to the other side of the chamber were fixed with 100% methanol at room temperature for 10 min. Following staining at room temperature with 0.1% crystal violet for 15 min, the number of cells was counted under a microscope (DM1000; Leica Microsystems GmbH, Wetzlar, Germany).
MTT assay. Following transfection, DU145 cells were seeded into 96-well plates at a density of 3,000 cells/well. Each experiment was conducted in triplicate. At 24, 48, and 72 h following transfection, 20 µl MTT (5 g/l; JRDUN Biotechnology, Shanghai, China) was added to each well. Following incubation at 37˚C for 4 h dimethyl sulfoxide was used to dissolve purple formazan. The absorbance of each well was measured at 492 nm with a microplate reader and cell proliferation curves were subsequently plotted.
Flat plate colony formation test. DU145 cells from the DU145+miR-503 mimic, DU145+miR-503 inhibitor, NC and control groups were trypsinized and washed twice with phosphate-buffered saline. The number of cells was counted following staining with trypan blue at room temperature and the cells were prepared into a suspension with a density of 0.5x10 3 cells/ml. The cell suspension (2 ml) was inoculated into 6-well plates, followed by incubation under normal conditions at 37˚C. Half the medium was replenished on day 5. The medium was discarded on day 14 and cells were washed once with phosphate-buffered saline. Cells were fixed with methanol at room temperature for 10 min and stained with crystal violet at room temperature for 5 min. Following extensive washing with phosphate-buffered saline, the cells were observed under a microscope (DM1000; Leica Microsystems GmbH) and five fields were selected for colony counting. The colony formation rate was then calculated using the following equation: colony formation rate = (number of clones) / (number of seeded cells) x100% (22) .
Statistical analysis. Statistical analysis was performed using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). Measurement data were expressed as mean ± standard deviation and data from two groups were compared using a Student's t-test. P<0.05 indicated a statistically significant difference.
Results
TPD52L2 expression is elevated in prostate cancer tissues.
RT-qPCR and western blot analysis were performed to measure the expression of TPD52L2 mRNA and protein in prostate tumor tissues. The results demonstrated that the levels of TPD52L2 mRNA and protein in prostate cancer tissues were significantly increased compared with those from tumor-adjacent normal tissues (P<0.05; Fig. 1A and B) . This suggests that the expression of TPD52L2 is elevated in prostate cancer tissues.
Expression of miR-503 in prostate cancer tissues is reduced, which may be due to the direct interaction between miR-503 and TPD52L2. TargetScan was used to predict the direct interaction between miR-503 and TPD52L2, and RT-qPCR was performed to measure the expression of miR-503 in prostate cancer tissues. TargetScan identified the 3'-untranslated region (3'UTR) of TPD52L2 as a direct target of miR-503 ( Fig. 2A) . RT-qPCR data determined that miR-503 levels in prostate cancer tissues were significantly decreased compared with those in tumor-adjacent normal tissues (P<0.01; Fig. 2B ). These results indicate that the expression of miR-503 in prostate cancer tissues was decreased, which may be due to the direct interaction of miR-503 with TPD52L2.
Overexpression of miR-503 inhibits the transcription and translation of TPD52L2.
The DU145 cells were transfected with miR-503 mimic or miR-503 inhibitor to examine the regulation of TPD52L2 gene expression by miR-503 in DU145 cells. Compared with the blank and NC groups, the expression of miR-503 in DU145 cells transfected with miR-503 mimic was significantly increased and in DU145 cells transfected with miR-503 inhibitor it was significantly decreased (both P<0.05; Fig. 3A) . Furthermore, the results from RT-qPCR and western blot analysis demonstrated that in comparison with the blank and NC groups, levels of TPD52L2 mRNA and protein in the DU145+miR-503 mimic group were significantly decreased and in the DU145+miR-503 inhibitor group they were significantly increased (all P<0.05; Fig. 3B-D) . These results suggest that overexpression of miR-503 inhibits the transcription and translation of TPD52L2.
Overexpression of miR-503 suppresses the migration ability of DU145 cells.
A Transwell assay was performed to investigate the effect of miR-503 on the migration of DU145 cells. The results demonstrated that, compared with the blank and NC groups, the number of migrated cells in the DU145+miR-503 mimic group was significantly decreased and in the DU145+miR-503 inhibitor group it was significantly increased (all P<0.05; Fig. 4) . These results indicate that the overexpression of miR-503 suppresses the migration ability of DU145 cells.
miR-503 inhibits the proliferation of DU145 cells. An MTT assay was performed to determine the effect of miR-503 on the proliferation of DU145 cells. Compared with the blank and NC groups, the absorbance of cells in the DU145+miR-503 mimic group was significantly decreased and in the DU145+miR-503 inhibitor group it was significantly increased at 48 and 72 h (all P<0.05; Fig. 5 ). This suggests that miR-503 inhibits the proliferation of DU145 cells.
Overexpression of miR-503 reduces the colony formation ability of DU145 cells.
A flat plate colony formation test was used to determine how miR-503 affects the colony formation ability of DU145 cells. Colony counting demonstrated that compared with the blank and NC groups, the colony formation rate of DU145 cells in the DU145+miR-503 mimic group was significantly decreased and in the DU145+miR-503 inhibitor group it was significantly increased (both P<0.05; Fig. 6 ). These results indicate that the overexpression of miR-503 reduces the colony formation ability of DU145 cells.
Discussion
miRNA acts as an oncogene or tumor-suppressor gene by binding to the 3'-UTR seeding sequence of mRNA (23) . It has been demonstrated that miR-503 is downregulated in hepatic tissues and cells and inhibits tumor angiogenesis by acting on fibroblast growth factor 2 and vascular endothelial growth factor A (24), suggesting that it is an important tumor-suppressor factor. However, the mechanism of action of miR-503 in prostate cancer remains unclear.
The results of the present study demonstrate that the expression of miR-503 in prostate cancer tissues is significantly lower than in tumor-adjacent normal tissues and bioinformatic analysis indicated that TPD52L2 is a potential target gene of miR-503. Ummanni et al (25) demonstrated that TPD52 promotes αVβ3 integrin-mediated cell migration in prostate cancer by activating the phosphatidylinositol 3-kinase/Akt signaling pathway and the mitochondrial apoptotic response as an upstream response element. The present study demonstrated that the expression of TPD52L2 mRNA and protein in prostate cancer tissues was higher than in normal tissues, suggesting that miR-503 may be associated with TPD52L2. Transfection with miR-503 mimic or miR-503 inhibitor induces the overexpression or inhibition of miR-503 expression in DU145 cells, respectively. The overexpression of miR-503 in DU145 cells inhibits the expression of TPD52L2, and by contrast, inhibition of miR-503 elevates the expression of TPD52L2. The present study on cellular function has demonstrated that DU145 cells overexpressing miR-503 exhibit decreased migration, proliferation and colony formation, whereas cells with reduced miR-503 expression have improved migration, proliferation and colony formation functions. Previous studies have identified that miR-503 is abnormally expressed in retinal glioblastoma, adenoma, breast cancer, non-small cell lung cancer and hepatic cancer. Furthermore, it has been demonstrated that miR-503 targets phosphoinositide-3-kinase, p85 or inhibitor of nuclear factor κB kinase subunit β, regulates the Rho guanine nucleotide exchange factor 19, DDHD domain containing 2 and F-box and WD repeat domain containing 7 genes and initiates apoptosis, thus promoting the growth and differentiation of tumors and inhibiting the invasion and metastasis of tumors (18, (26) (27) (28) (29) (30) (31) . This indicates that miR-503 serves important roles in different types of cancer.
In conclusion, the present study demonstrated that miR-503 expression in prostate cancer cells is negatively associated with the migration ability of cells and suggested that miR-503 may serve important roles in the onset and development of prostate cancer by targeting TPD52L2. Therefore, the current study provides novel insights into the mechanisms of prostate cancer. 
